The (B − L) Supersymmetric Standard Model (BLSSM) motivates several Dark Matter (DM) candidates beyond the Minimally Supersymmetric Standard Model (MSSM). We assess the comparative naturalness of the two models and discuss the potential detection properties of a particular candidate, the Right-Handed (RH) sneutrino.
I. INTRODUCTION
term for both the MSSM and BLSSM comes from µ, which is fixed by EW Symmetry Breaking (EWSB). It is important to check the level of FT in the BLSSM, as one may have expected that a heavy Z would lead to a large µ which could, in principle, have surpassed all other contributions, however we do not see such behaviour. We will now compare the FT for the two models.
The scan performed to obtain these data has been done by SPheno [9] with all points being passed through HiggsBounds [10] [11] [12] [13] and HiggsSignals [14] . We have scanned over the range [0, 5] (1, 1) , Y (2, 2) , Y (3, 3) in [0, 1] . The M Z value has been fixed to 4 TeV to comply with collider searches [15] .
In figure 1 , we compare the FT for the MSSM and BLSSM in the plane of (m 0 , m 1/2 ). We colour the parameter points according to their FT, ∆: red for ∆ > 5000, orange for 500 < ∆ < 1000 and blue (the least finely-tuned points) for ∆ < 500. Overall the picture between the two models is very similar. Firstly, we see there are few viable BLSSM parameter points for low m 0 . Both models follow the general trend that the FT is strongly related to universal gaugino mass m 1/2 , due to the µ dependence on this. Finally, we summarise that the MSSM and the BLSSM have very similar levels of FT.
FIG. 1: Fine-tuning in the plane of unification of scalar, gaugino masses for BLSSM and MSSM for
GUT-parameters (∆). The FT is indicated by the colour of the dots: blue for FT < 500; Orange for 500 < FT < 1000; Green for 1000 < FT < 5000; and Red for FT > 5000.
III. RELIC ABUNDANCE
By our previous measure, ∆, both the universal MSSM and BLSSM scenarios had a similar level of FT. Another measure of FT could be to compare the relative size of parameter space in both models, over the same ranges in GUT parameters. Before enforcing a DM candidate, in both cases the number of viable points (satisfying LHC searches and a SM-like Higgs) is a similar fraction of the total number with a uniform random scan. However, once we enforce that the LSP be the DM candidate and comply with the correct relic density, one finds that the BLSSM has significantly larger viable regions of parameter space.
In SUSY the Lightest Super Partner (LSP) is stable due to R-parity conservation. In the MSSM, this is imposed ad-hoc, but for the BLSSM this is automatically satisfied as the R-symmetry is defined as R = (−1) 3(B−L)+2S , and B − L is conserved (or broken by two units, which leaves a residual Z 2 ). In addition to the bino-like neutralino in the MSSM, there are three extra DM candidates in the BLSSM. Firstly, there are bileptino-like and BLino-like neutralinos, and also the superpartner of the RH neutrino, the RH sneutrino. M Z , in our case around the 2 TeV mass. This effect also occurs for BLino and bileptino-like neutralinos. However, the RH sneutrinos offer the largest number of parameter points of our scan which satisfy the relic density requirements and we discuss the potential detection of this DM candidate in subsequent sections.
IV. DIRECT AND INDIRECT SEARCHES
The mass eigenstate of the RH sneutrino LSP is CP-even (Re) or CP-odd (Im), due to lepton number violating operators. Consequently, two DM particles interacting must produce a CP-even state, in addition to conservation of angular momentum and spin statistics. group, the Z , but this requires one CP-even and one CP-odd sneutrino ν (R,I) 1ν
All of these processes require a heavy mediator and so are suppressed when it comes to Direct Detection (DD). Another method of detecting sneutrino DM comes from indirect detection. Here annihilations to charged W + W − pairs can then radiate photons in the galactic centre, which may be observed by the Fermi-LAT experiment. In figure 4 we plot the self-annihilation cross section in the charged W + W − channel vs the DM mass for both CP-even and CP-odd sneutrinos. We overlay the current Fermi-LAT limit, which uses 15 dwarf Spheroidal galaxies (dSphs) [19] . The projected sensitivity over the next 15 years is also drawn, which extends the search via observation of 60 dSphs samples. A single GUT-constrained parameter point exists which is detectable according to the projected limits. This signals that there are regions of parameter space which are beginning to be excluded over the next few years of observation. In addition to the total integrated flux measurement, one may also study the differential γ-ray flux due to sneutrino annihilations in the centre of the Milky Way. This is done in figure 5 , where we show the differential γ-ray flux vs the energy of photons for a particular CP-odd sneutrino LSP DM candidate. We also plot the background and Fermi-LAT data, with errors. The signal from the sneutrino is well below the background, so one may not see a large signal at particular photon energy. We notice here, though, that the limiting photon energy is by an experimental upper limit of ∼ 300 GeV, and the sneutrino is capable of emitting γ-rays of energies up to its mass, 661 GeV. In the future, when one is able to detect higher photon energies, there may be a characteristic signal emerge. Should such a signal be observed, one may wonder whether this could disentangle the CP-odd and CP-even case with other DM candidates. We draw the spectrum shape for these three candidates in figure 6 . One can see that the CP-odd and CP-even shapes look identical, so one may not 
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-6 disentangle these two scenarios. However, this does look characteristically different from the neutralino shape. We speculate that this could be to do with the spin of the candidate, where the sneutrino is a scalar and the neutralino is a fermion.
V. LHC SEARCHES
In addition to direct and indirect detection, one can also search for sneutrino DM via LHC searches. There is little mixing between the left and RH sneutrinos, as the Yukawa coupling is set to be very small (Y ν ∼ O(10 −6 )) to obtain the correct LH neutrino masses with an O(1) TeV RH neutrino scale. So there is no hope to produce the DM via W ± or Z with any appreciable cross section. Given this, we have performed a general search using the MadGraph program [20] using several benchmark sneutrino points, both of CP-even and CP-odd varieties. The most well-established DM search is via mono-jet, whereby pair production of DM is detected by initial radiation of a single gluon, which will show the signature of a mono-jet plus missing energy. However, this does not uniquely identify the BLSSM whatsoever. A more unique direct DM production signature could be through Z decay, in the process pp → Z →ν LSPνN LSP , where the NLSP is forced to decay to the LSP via a SM Z decay, despite the small coupling. However, as the mass of our Z is fixed to be 4 TeV, so as to comply with dilepton searches, the cross section for this process is too small to observe, σ 0.025 for both CP-even and CP-odd LSP benchmark points. Another possibility to search for sneutrino DM at the LHC can be through slepton pair production, with cross sections ∼ 0.1 fbs. For a light slepton mass, the only possible decay path can be throughl → W ±ν LSP , despite the suppressed Yukawa coupling, yielding a dilepton signature. For a different mass configuration, one may find the more complicated decay chainl →χ 0 l withχ 0 → ν hνLSP , where ν h is the heavy neutrino. The latter will mainly undergo ν h → W ± l ∓ or ν h → Zν l decay, thus providing fully or semi-leptonic signatures which would be very distinctive. Finally, one may also consider signatures from squark pair production, which can offer some of the largest cross sections (O(fbs). The typical decay chain is now throught →χ 0 t, with large branching fractions. The neutralino may decay as before,χ 0 → ν hνLSP . This signature would involve several jet plus multi-lepton final states.
VI. CONCLUSION
We have compared naturalness and DM properties of the BLSSM and MSSM. We have seen that both models possess similar levels of FT but, when one includes the requirement of an LSP which satisfies the DM bounds, the BLSSM has a far larger region of available parameter space, due to the unique RH sneutrino. We then went on to assess the ability to detect this DM candidate, and saw that whilst direct detection in the near future seems unlikely, both CP-even and CP-odd candidates may be observed via indirect detection in the next few years. Finally, we identified several interesting LHC signatures which, if seen, would provide strong evidence for sneutrino DM.
